Disorders of the autonomic nervous system (ANS) can be of central or peripheral origin, and may be primary illnesses (e.g. primary autonomic failure, multiple system atrophy) or develop secondary to other diseases (e.g. Parkinson's disease, diabetes, stroke, Guillain Barré syndrome). The anatomical and functional organisation of the ANS is quite complex, involving structures within the brain, spinal cord and peripheral nervous system. Many feedback loops control homeodynamics and vital functions such as blood pressure (BP), heart rate (HR), ventilation, body temperature and blood gas allostasis.
Before ordering any kind of autonomic testing, a clear hypothesis should be formulated. For example, head-up tilt testing (HUT) is only helpful for diagnosing reflex syncope or orthostatic hypotension.
Rarely, HUT may provoke psychogenic seizures, but other causes of TLOC -such as cardiac syncope and epileptic seizures -will not.
Thus, in the evaluation of a patient with syncope while jogging HUT is severely contraindicated, since the circumstances favour a cardiac cause, and ordering an autonomic test may result in a substantial delay in diagnosis. It also should be noted that additional investigations may confuse the diagnosis. For example, conducting HUT or the Ewing battery in elderly patients will very likely detect orthostatic hypotension (OH), since OH affects up to 30% of all elderly people. 3, 5 However, the majority of cases are asymptomatic, therefore it is crucial to obtain more evidence before assuming causality. In patients with TLOC and OH it is necessary to establish whether clinical events were typically provoked by prolonged standing, cessation of exercise (post-exercise hypotension) and ingestion of a meal (post-prandial hypotension). 2, 3 Again, it is important to detail as many events as possible in order to recognise a clear pattern. Additionally, during the autonomic examination the patient should be questioned whether he or she experiences his or her typical symptoms.
Bedside Testing
After taking a precise history, there are simple means of investigating ANS without a sophisticated autonomic laboratory. TLOC caused by cardiac syncope has a high risk of mortality, therefore it is of utmost importance to first rule out this diagnosis. A simple 12-lead ECG can confirm the presence of bifascicular block, inadequate sinus bradycardia, pre-excited QRS complex, QT interval abnormities, negative T waves in right precordial leads, epsilon waves and ventricular late potentials. 2 These patients should be referred to a cardiologist immediately.
Standard somatic and neurologic examinations are required, particularly when orthostatic hypotension is suspected. Dehydration might add to the development of orthostatic hypotension or reflex syncope. Polyneuropathy of the somatic nerves might accompany autonomic neuropathy. Parkinsonian signs might hint to the diagnosis of an alpha-synucleinopathy.
Finally, an inexpensive standing test can add valuable information.
The Schellong test is commonly used but, to save time, the protocol can be changed. The patient rests in the supine position for five to 10 minutes. BP and pulse rate measurements are taken regularly until a steady state is reached. These data are important as the starting point for further analysis. The patient moves to an upright position and another measurement is taken immediately and then at at least every minute for up to 10 minutes. The patient is asked to report symptoms like dizziness, fatigue, headache and nausea. A decrease in BP of 20mmHg systolic and/or 10mmHg diastolic within three minutes of becoming upright gives a diagnosis of orthostatic hypotension. 6 A pulse rate increase from supine to standing of more than 30 beats per minute, or to greater than 120 beats per minute, suggests postural tachycardia syndrome (PoTS). In only few patients, the standing test provokes reflex syncope, and in these patients syncope typically occurs with prolonged standing. A study in 67 Austrian army recruits found the standing test to have a sensitivity of 61% and a specificity of 100% for PoTS. 7 A sensitivity of 31% and a specificity of 100% for reflex syncope were noted in the same study.
Using these simple means, autonomic screening can be available on every ward, or in the outpatient department, allowing diagnoses to be made without the need to wait for additional tests.
Cardiovascular Autonomic Testing

Autonomic Challenge Manoeuvres (Ewing Battery)
The cardiovascular and the respiratory systems play key roles in the maintenance of homeodynamics and there exist close similarities in the central organisation of both. Reflex regulation of the cardiovascular system involves the activation of different types of receptors located mainly within the heart and blood vessels. Information collected is integrated in the brain stem area and, through negative feedback mechanisms, an appropriate response is generated and is conveyed to the target organs by the peripheral autonomic nervous system.
Autonomic testing has a clear focus on the cardiovascular system, and its interactions with the respiratory system, due to the ease of 
Valsalva Manoeuvre
This assesses the sympathetic and the parasympathetic reaction to baroreflex activation. The subject is asked to exhale into an almost occluded mouthpiece and to maintain an expiratory pressure of Diagnosing Autonomic Nervous System Disorders -Existing Guidelines and Future Perspectives 
Head-up Tilt Test
This test complements the autonomic evaluation of active standing as, conceptually, it permits the analysis of haemodynamic modifications elicited by baroreceptor reflex activation without the interference of the muscular pump of the legs. Further it should be performed in patients with strongly suspected orthostatic dysregulation who cannot stand up actively. 6 In normal subjects, a decrease in BP related to the redistribution of blood due to gravity is observed, which, in turn, elicits the activation of baroreceptors.
11
Feedback mechanisms activate the sympathetic nervous system while decreasing parasympathetic activity in order to re-establish BP levels. Classically, haemodynamic changes associated with HUT have two phases: an initial cardiovascular acute response with a duration of 30 seconds, and a stabilisation phase composed of two periods -an adaptation period occurring one to two minutes after orthostasis and a later response to prolonged orthostasis lasting for more than five minutes.
11,12
This manoeuvre is performed on an electrically operated table. For oscillations in HR or RR intervals, LF has been related mainly to sympathetic outflow (although there may be also some parasympathetic influence due to slow breaths). HF is related to parasympathetic outflow and respiratory rhythm. The LF/HF ratio has been widely used as an indicator of the autonomic balance.
14 However, FFT analysis shows important limitations as it requires a stationary signal and a long period of data collection. It is not useful to locate and follow changes of a frequency over time. Wavelet analysis has been used to overcome these limitations and perform a time-frequency analysis that permits correlation of LF and HF changes with any particular external signal or event.
11,15
Recently, a modified HHT has been proposed as a more suitable tool for clinical autonomic evaluation, as it renders a higher time frequency resolution and better represents non-linear processes. 16 These new methods have yet to be evaluated for their validity and usefulness for ANS testing.
Baroreflex Sensitivity
Evaluation of baroreceptor function (mostly assessed as baroflex sensitivity) is an important tool in the evaluation of autonomic cardiovascular control. 12 The arterial baroreceptor reflex system regulates short-term fluctuations of arterial BP and HR. Increased systemic arterial BP activates the baroreceptors (located mainly in the carotid sinus and aortic arch walls) leading to increased cardioinhibitory vagal discharge and decreased sympathethic discharge to the heart and peripheral blood vessels and resulting in decreased HR, cardiac contractility, peripheral vascular resistance and venous return. Decreased BP causes the opposite efferent autonomic and cardiovascular responses.
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Techniques to quantify BRS include pharmacological methods using vasoactive drugs, the Valsalva manoeuvre, the neck chamber technique and analysis of spontaneous fluctuations of BP and HR.
Oxford Method
This pharmacological approach was introduced by Smyth, Sleight and Pickering. 17 In this method, the alpha 1-adrenorecepor agonist, This is an invasive procedure, which is contraindicated in certain patients (e.g. those with arterial hypertension). In addition, there are controversies over the selectivity associated with using vasoactive drugs to test BRS. BP stimuli might induce other reflex arcs, mainly the cardiopulmonary receptors, which interfere with BRS.
Neck Chamber Technique
The need for elaborate equipment means that this technique is mainly used in research laboratories. 12 Various sequence methods yield different results when applied to the same data sets, particularly in patients with impaired baroreflex function. 18, 19 Therefore, the method should be selected carefully with regard to the pathophysiological background of the patient tested.
Spectral Techniques
Evaluation of BRS by spectral techniques is based on the concept that This might be explained by methodological differences: spectral algorithms focus on oscillatory changes around a set point, whereas the phenylephrine test relies on a strong unidirectional response. 12 Interference from artifacts (noise, ectopic activity, etc) is a major limitation to any spectral technique. In patients with depressed BP variability, the signal-to-noise ratio tends to become high and influence BRS reliability. Further limitations have been described previously. 25 may be used to study sweat gland activity in more detail.
Sudomotor Function
Thermoregulatory Sweat Test
This test can assess central and peripheral sudomotor function 21 and is performed in a temperature (45-50°C) and humidity controlled chamber.
The whole body is covered with an indicator dye and the change in colour due to sweat production is documented.
Asymmetric patterns due to focal anhidrosis or stocking-and glove-like distributions may be observed in length-dependent neuropathy. Limitations result from the visual analysis and the lack of differentiation between pre-and postganglionic lesions. The test is time-consuming and needs special equipment.
Quantitative Sudomotor Axon Reflex Test
This test measures postganglionic axon reflex-mediated sweat production in a small restricted area of the skin over time. Limitations are the expensive equipment, the very small detection area and the inability to detect preganglionic lesions.
Silastic Imprint Test
The test evaluates postganglionic sympathetic cholinergic sudomotor function by measuring the direct and axon-reflex mediated sweat response. 25 Sweat glands are stimulated by iontophoresis of acetylcholine, pilocarpine or methacholine. This is followed by application of a thin layer of moldable silastic material to the skin.
Sweat droplets displace the silicone material during polymerization, resulting in permanent impressions in the silastic material that can be quantified using various methods. Number of droplets, size and distribution are reported.
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Autonomic Nervous System Disorders Limitations are the sensitivity of the results to ambient temperature and humidity and the patient´s hydration status and caffeine intake.
The problem of sweat evaporation might be resolved by DST by adopting a cornstarch-powdered waterproof transparent tape. Both methods only recently have been described and need further investigation too prove their reproducibility and sensitivity and to establish normative data. 
Sympathetic Skin Response Test
Summary and Future Perspectives
Autonomic nervous system disorders are associated with a severe disease burden, it is therefore of utmost importance that they are diagnosed. In many cases the diagnosis can be established by history taking and simple bedside tests. In a number of cases, however, precise cardiovascular and sudomotor tests are necessary to confirm the diagnosis. This review describes widely-used techniques.
Currently, no gold standards for autonomic testing are available.
Differences in tests performed are an obstacle for comparing scientific and clinical data acquired in different labs. We hope that this review proves to be a valuable help in focusing on standard tests in autonomic diagnosis.
Growing recognition of ANS disorders increases also the number of neurological collegues involved in the field. Every neurologist should be able to diagnose autonomic diseases based on the history.
Although a full featured laboratory is difficult to finance, we envision that autonomic testing becomes available at least in central hospitals in many countries. Standards for autonomic testing have to be delevoped in the nearest future. n
